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- 1064
A0S Lab. No. MSL-744133

Req. No. 52467
Date' _11-27-23

DOW CHEMICAL U.S.A.
Romsl‘ggetg Division

Laboratory

ANALYSIS REPORT

m R. E. Nelson Bldg. 771 Charge 1371
cc:/(ile Dept.
Ext.
Sample Description:
Sludge from Arco shipping drum.
Identify.

Results of Analyses or Tests:
Infrared, mass spectral, and thermal analytical resul?: indicated the sludge was
caxposed of minor ameunts of organic residue, ma‘ -~ amounts of inorganic and water.

IR - Inorganic residue as:

Bass spec outgas - major:
minor:
trace:

ammonium ion (m:)

water

siliceous material (SiOZ)
metal oxides, halides (as Pqu,
possible graphitic material?
water

HC1, HF, hydrocarbon, coz, ammonia

dioctylphthalate (bag plasticizer?), POE(polyoxy-
ethylene surfactant?)

Can, etc.)

TGA-DTA - The only themaal event recorded was a large water volatilization endothem
peaking at 160°C. The thermogravimetric trace indicated the loss of water
from 25 to 180°C (equivalent to 37 wt. ), and gradual loss of residual
water and other volatiles (equivalent to 27 wt. %) from 180°C to 770°C.

VR

V= S
. Analysis By MLR, DEA, JRG, RSC, Reported By

DIH, KJG
File or Plate No. IR 927

K. X ssai
Approved By O L2

J. R. Turbett
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ANALYTICAL REPORT

“mm
Ructy Fiots PMont
Qoo Cowass e 2 =
- Orgavic Mass Scec Lab //-}0’79\7\_()/&)!
0 A No. Dat .

C. B. ¥ickland coount No- a9 " 421475 " MSL~76-188
e Reorted byt k-0 2L, X M
JMeler 9-0v-75 D. I. Hnter md ssaint

Approved
J. R. Tm‘bett
Sample Description

s W - L IR AW @ ae & . ot

“Fourteen drums of imndry sluige retumed to Rocky-Flats from Idaho storage area.

[Anaiysis Results

These drums of laundry sludge were returned to Rocky Flats after a drum of the sludge
was zccidently punctursd and an audible pressure release was noted. Further examination
revealed bulgec tops on some of these drums.

A special punch fixture was manufactured and used at Rocky Flats to determine the drum
pressures and obtain a gas sample for Mass Spectrometric analysis.

Druss no. 17-03909 and 17-03932 had the metal seal broken when received. The most
severely deformed drum was 17-03919. A picture of this drum is included in this report.

All 14 dr-ss were marked content code 374 (blacktop, concrete, dirt and sand). Dnua
17-03919 was and found to contain oil drye around the SS gallon polyethylene
bag of mate These bags were not openied and examined. No “—=e liquid was observed.

The source ofpnssure in all 14 drums was methane ((i4) and carbon monnvide (CO).
Details sppear in the following table.

_RF-26980 (8-78) w3 POt DUV ¢ rroves—— : i o e
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Appendix KK

Letter from E. S. Ryan to G. E. White
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August 19, 1963

File (Recoxrd)
HISTORY REPORT - PROCESS WASTE DISPFOSAL GROUP - JULY, 1963
l. Personnel: sSalary 7; Hourly 6

2. Faeﬁtiea: . The repair of the defecte in the filter
he relocation of the plenum in the Building
T4 eddition were started by the Sheet Metal Shop.

The transfer of the liquid wastes in Pond No. 2A to
Pond No. 2B was made by the Pipe Shop. A amall heel

of acld wastez remaining in Pond No. 2A was neutalized
by pumping the basic liquid wastes in the south section
of Pond 2B into Fond Ho, 2A. The liquid waste was then
pumped {rom Fond 2A to the north section of Fond No. Z2B.

Men from the Service Group resumed drumming of the salts
and sand in Pond No., 2A.

A small scale experiment was made to teat the burning
capabilities of the lining of Pond No. 2. The planking
‘would not support combustion of its own and requires an
additional fuel for rapid destruction. '

5. Safety and Secur:.ﬁg} A safety and security meeting was
on =" .

4, Trips: E. S. Ryan attended discussion meetings on July
_ [ 9, 1663 at Oak Ridge National Laboratories, Oak
Ridge, Tenncesee., These diacussions dealt with methods
for disposal of contaminated liguid wastes by evaporation
-and . deep well,

5. Visitors: m m13r, A-E.C., Health E.nd S‘fety' m,
) Lbuquerque, New Mexico, visited the Rocky Flats Division
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No.
No.
No.

@, E. White

-2~ August 19, 1963

6. %Entiens: Table A is 2 summary of the liquid wastes,

B

.7.

ped

o] O

28 ‘and untreated, which uwere relessed under the
supervision of the Proceas Waste Disposal G:roup.

Table B lists the high and low of Ponds No. 1, No., 5§ and
No. 9.

Table € lista the drums of contaminated wastes in storage
by the various buildinga. Releassd drums of wastes were
moved to Bullding 63 from the production areas.

Table D 1s a breakdown of 6 trailer shipmenta to Idaho
Flllﬂ, Im. )

Table E ia a sumary of the aquecus liquid wastes recelived,
processed and released from Bullding 7%.

The fouon:.ng radicassay results are on weakly compasites
glde froa dally samples of the effluent from ths drainage
e.

Week of T-1-63 - T-5-63 200 d/m/1

Weak of 7-8-65 - T-12-63 150 4/m/1

Week of 7-15-63 - 7-19-63 170 W

Week of 7-22-63 - 7-26-63 150 4/m/1
Analysiz of Well lWaters Sampled July 25, 1963

Sp a® Dapth of Water
8/o/) HOg ppm 2fec 7-25-63 8-21-€

6 40 280 1.0 ‘an &"
1 10 1,100 1.033 o 4 g"
1l 20 o 1.001 157 49 12/ 2"
7 5 3,400 1.005 12/ " 11° &"
1l 15 10 1,000 3 10" 7"

The wells were not balled during the month.
WGll Ho._ 5 remains dﬂ.
No olls or still bottoms were burned during the month.

Future Problems: A new method for the sampling of the
Iaundry waters released by Bullding 42 is needed., The
present method of grab samples by the laundry operators,
whenever other operations permit, does not supply a
representative sample. A sampler controlled by the
oycling machanism of the washers would give a sample which
would have more meaning.



d. E. White -5~ August 19, 1963

The disposal of cyanide wastes which are produced in
Bullding 4% are a potential probdlem. In the past,

theee wWastes were set-up with Fortiend Cement in-
Building ¥4, At the present time, these uwastes are
being sent to Bullding 81 for destruction. The presence
of flouride and Building %% material in the waste makes
this methed undesirable for Building 81. '

3.

Development Work: 7. E. Butler, Process Caem, CRIL,,

Taports no Work on Waste Disposal projects because of
& rash project for Midland., -

K. Pry, Analytical Labs, Building 71, began & study on
the feasibility of concentrating radicactive material
with the i1ron hydiroxide floe. This study couvers the
repeated use of the floec in succeesive batsh treataments
of agueous wastes. If successful, the process could
lead to the recovery of the materiaml from the iron floe.

g 47,

/
E. S. Ryan

ESR:bls




Appendix LL

Investigation CCl4 Carbon
Tetrachloride by R. W. Hawes
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INVESTIGATION CCL4 CARBON TETRACHLORIDE
11-27=4S R. W, HAKES

CONTARCTS PHIL SHDEMARER Foundry 707 «a=79%5% page 3000-108
- KIETH GROSSAINT Labs 539 x—2819%4

RICH BGETTY Labe 339 »—47%1

WENDY HENDERSON Manufacturing 707 x—47030
PAUL KING Faundry 707 page 4000-280
FARREL HOBBS 779 X=7431

ROCKY RETRACCHI industrial Hygiena

Sheamaker aonfirmed the figures supplied by Setlock aon the CCla
usage. Hobbs figurez usage at 14,000 pallions in the last 12
oMt s

The cthar substance used to clean chips is Freen TF. Estimated at
535 gallons per month in K module, 55 galleons per month in €
medule, 2% to gallons per memth im 776 and small amounts usesd in
A module. Thig will cambing With the carbor tet arnd be dispased
of in the same facility. Eptimated tctal usage 150 gallons per
month, Hebbs Says that the Freon iz used for density
determinat ions mare than cleaning ano is discarded freguently but
the usage is probably right.

The svaporation rate of thic Fraon is about onm third thae rate of
evaporatian of carboan-tet.

Other subztanqen used;

Texeca Repal coeling oil known as Repal REC or Regal 645

Mobile 643 hydraulie oil

Tra-Beorm lubricating oils for tha machines.
Total usage of these cils discardsed to the sams tank as
the carbon—tet is about 28 gallons per month.

The waste tanks used ara the pencil tark V=32 in the pit of
module L, of building 707 and tank 1102 4n building 1103,
Currently tarii V=22 empties into tenmk L1003 whera it e sanpled
for plutonium befors it is turmed over to buildiwg 774 Liquicg
Waste Rrocessing.

The primary usage of the carbon tetrachloride is to wass the oils

off the matal chips. Thisg is dome prior teo brigquetting the chips
for the foundry.

Pgul Kinmg is collecting 500 ml samplas from the waste tanks arg
will send them to 559 labs (11 a.m. 11-37-8S),

Hobbs says that 1,1,! Tri :higaZIethane is used in a rplozey
cleaning system ang only trace ammournts would be found in the
waste liguids. Trade name “Chlerthene VG* usage estinated

at 500 galleons pur month. (W.0.05.)
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A Control Design for Plutonium
Counting Systems
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ABSTRACT

This paper describes a design which assures control of the
plutonium counting sy‘stems used at RF to measure solia
plutonium in waste and process materials, while establishing
measurement bias and variability information for process

control and inventory management.



INTRODUCTION

Chemical processing of plutonium offers many challenges
because of this element's uniqué characteristics and because
of the special administrative controls that surround it. The
challenges include (1) the physical containment of plutonium
for health reasons, (2) the danger of nuclear excursions, and
(8) the accountability required of plutonium. This paper

deals with the control of one type of measurement of pluto-
nium for safeguard and accountability reasons. The method of

measurement is radiometric, which is non-destructive.



At the 10th Annual Meeting of the Institute of Nuclear Materials
Management, O. H. Willoughby and D. R. Cartwright of the
Dow RQcky Flats Research and Development Department
described the development df a non-destructive method for
assaying plutonium in waste and process residue, 1 This
method is radiometric and is classed as ''passive'’; that is,

it uses the inherent radiation from the plutonium as 2 basis for

measurement,

For a description of the measurement systems, two paragraphs

from the Willoughby-Cartwright paper are quoted, as follows:

""The first radiometric system, the drum counter, was
Slide 1

installed in 1964. The drum counter geometry consists

of an annular array of eight 30-inch halogen-quenched

Geiger-Mieller detectors and 16 boron triflucride neutron

L

detectors within a shielded cavity. Fifty-five-gallon drums
of contaminated waste are lowered into the cavity with a

hydraulic hoist. Cadmium shielding is wrapped around

3

1 RFP-1325, "Measurement of Plutonium in Process Materials

and Contaminated Waste, " O, H. Willoughby and D. R. Cartwright;
a speech presented to the 10th Annual Meeting of the Institute of
Nuclear Materials Management, April 28 - 30, 1969, at the
Stardust Hotel, Las Vegas, Nevada.



e,

the gamlna detector to reduce the effects of low-energy radia-~
. tion from americium on plutonium mea.:sui:ements.‘ . Electronic
j 'pulses resulting {rom radiation passing through the detéctors
‘are afnbliﬁed, shaped, and scaled using standard nuclear

instrumentation.

The early sﬁcceéses "With the drum couhterled to the develop~
‘ment' of the can counter, which is similar in design to the drum
counter but smaller. The can counter performs plutonium
Slide 2
‘a.ssays of galldn-size_ waste or resi;lue packages in the process
‘area where the wastes or residues'are.genera.ted. The speed of
- the analysis and the easy acquisition of data have been of great
benefit to préduction personnel in making accountability and

management decisions for further waste and residue processing. "

Existing data indicate that the can and barrel method of measure-
ment is superior to the classic method of samplfi_‘ng and subsequenta
analysis for plutonium by laboratory methods, primarily because
sampling errors are removed by measﬁring entire batches with

the counting geometries.



The measurement systéms described above provide the instru~
mentation necessary to detect plutonium, but the raw hardware
- by itself cannot assay the amount of plutonium present without

the use of standards for comparison.

" Con51derat10n of stancards for use with the geometmes preaents
a two-fold problam (1) the sample medium and the geome;ry
affect the response of the detection systems, , and (2) the amounts
.of_'plutonixim required to provide multi'point, sténdard curves
derived from individual standards are so great, as to be econom~ -
ically impractiéal. Control of routine measurements at RF
depéndé upon compariséh with absolute standai'ds, which must
‘overcome the problems just mentioned. |

In order to solve thes;e_ prolﬁlems, thé concept of a modular
,sténdard Wés adopted in which each standard consists:of moaules
appropriate to the geometry, For the drum éount'ef, the modules

7

are 1-gallon plastié bottles withi_n a 55-gallon barrel; for the can
counter, the modules are plastic-bagged matergal ina I-O*:illon iy
plastic béttle. Each module for each category of re51due contains
either (1) dry plutomum dioxide plus the average medium fo£ that
category, mlxed untl’ they are homoveneous or (2) the medlum
‘only. Sucha concept permzts wide variability in both the amocunt
éf plutonium <« stained in the standard and the plptcnium;per unit

- weight.



‘The standard modules are prepared by mass measuremént
of Rocky Flats streain plutonium in synthetic, average media,
réther than by sampling and destructive testing of actual residue.
| Slides 3 and 4
‘The plutonium for these standards is processed as folloﬁs: (1) plu-

tonium peroxide is received from Chemical Operations; (2) the

- _plutonium peroxide is calcined to the stoichiometric ratio of plutonium

-dioxide (PuOy gg) at 850° C. for 100 hours; (3) the oxide is then
. analyzed and the plutonium content corrected for metallic im-
purities, such as An1241; and (4) isotopic ratios are determined

by mass spectrometry, for calculating the atomic weight. |

'Both the media and the dry plutonium dioxide are measured and

. loaded into the modules so that the outer surfaces of the modules are

free of aipha radiosictivity. The modules can then be’safely mani-

pulated inside their 55-gallon and 1-gallon containers.

A standard for the drum counter consists of 27 Wide-mopth plastic
bbtfles. To simulate the heterogeneous characf::eristicé of process
plutonium residue in the barrels, some of these botiles are standard
- modules containing plutonium dioxide, some are empty bottles, and

- some are bottles containing residues free of radiocactivity. (Slide 5
demonstrates the concept and versatility of the.standard for the |
drum counter. ) | | |

Slide &



A standard for the can counter consists of nine standard modules
which are plastic bags that may either contain plutonium dioxide
or may be '%1ank”. Thus, a can standaxd poésesses the éame
characteristics as a drum standard. |

| Slide 6
RF éategorizes process residues according to their origin, and
, f‘ther‘eforé their physiéal and chemical charécteristics. Because
-the medium of these residues affects the radiometric response
in the two couﬁting systems, the Standards Laboratory is obliced

to synthesize standards representing these same categories.

Standardization for catégory of residue requires mulﬁpie working
standards that permit veriations in standard values.‘ This is
possible, using a minimum émount of plutonium, because the
working standards are made up of modular standards: With these
standards, R‘and D personnel can provide standard curves for each
category. The curvés are normalized using both ideal (homogeneous)
standards and non-ideal (heterogeneous) standards for each datum '
point. Therefore, a certain amount of variabili'{y is represented

- in the standard algebraic expressions because of the heterogeneous

nature of RF solid residues.

The standards are also used in the RF me asurement control prograni.

Why a measurement control program?



The férmex‘ RE¥D pro‘cedure for the measurement of amounts of
mAlcle'ar material involved the following separate operations:
(1) each batch of material was Weighed or measured by volume,
>and sampled; and (2) the sample was analyzed for SS material

content.

'.'vBecause the analysis can never be exact, and because the Sample
‘cannot be considered truly répresentative , the measurement
may be inaccurate. Therefore the guantities of plutonium used
in conﬁputing a material ’éalance are inexact. Ii. becomes
important, theh, to determine just how inexact or biased the

measurements are.

The RF measurement control program evaluates the systematic
errors and their variabilities. Measurements of a given charac-
teristic(plutonium assay) are compared with cther méasurements
“of the same characteristic made with an accepted standard. The
second, or standafd, measurement may be considered absolute
‘because as a weight measurement it is »vastly sﬁperior to the first,
or.observed._ (counting) measurement, The average difference

between the observed and the standard values is the bias.cf the

‘measurement. The standard deviation of the bias is a good measure

of its variapility.



The rfleasﬁrement control program is divided into categories of
process materials and residues which are ‘assayed for plutonium
content in the counting geometries. Each prbgram is assigned a
vNuclear Materials Management (NMM) deséription code nu;ﬁ’oer.
.Thé Chemistry Standards'Laboratory changes tlke values of the
plutonium inside each standard by manipulating thé modules, records
these changes, and éubmits at least five such standards per month

-to be measured. The counting personnel measure the plutonium

| Slides 7 and 8

in 'each standard and fransmit the observed value to the Chemistry
Standards group; which compares the values by subtracting the
standard from the obséﬁred value. Thus, the validity of the

measurement system for a particular residue category is established.

At the end of the mbonth, the measurement control prégram numbers,
the standard values, and the cbserved values are summarized by
computer accofc?ing to prégram and category as follows:

Slides 9, 10, and 11
&) Ea,ch standard value is subtracted from its carresponding
jébserved.value; (2) an average of these differences is determined

and (3) the standard deviation of the differences is calculated.



The a‘veréxge difference determines the mean bias per type of
recldue and the standard deviation around this average estlmales
the expected variability of each bias. The variability establishes
realistic limits for a given bias, Wluch in turn helps determine the
v'disposition of residues, the validity of counter measurements and
the accuracy of inventories. The hmus of error may then be

calculated usmg these statistics.

V. In a recent sxx-month period, the measurenﬁent control program
‘reflected blases irom I percent to 20 percent and variabilities
ranging from 4 percent to 37 percent. The measurement category
showing the 37 percent vériability was considered out-of-control
and the production material surrounding the standard evaluatlon

was remeasured following the appropriate remedial action.

11



CASE HISTORY

A portion of tﬁe RF plutonium chemical processing involves a
puriiication process using ion exchange resin, - The"spent resin
becomes a residue which is either leached to a discard level or
iheinerated for plutOIﬁum recovery. Disposition of this mater-ial
must be decided af’cer it has been packaged removed from the

| dry- 50X system, and stored in 55-~gallon drums. The spent resin
.is measured by the drum counter. The Stan‘dards Laboratory
establishes a control for this drum counting measurement as

previously described.

| During one period, the measurement conirol showed a bias as

great as 37 percent. Such a bias in any measurement make it

impossible to make 2 decision. If the bias is unknown, a decision
* H

could be made based upon an assay that is assumed to. be valid

and the decision would probably be wrong.

o

Fortunately, the bias was known from the measeg:ement control
program and remedial action was taken. Ali measurement was
halted. The instrumentation and counting procedure were
’inveetigated and revised as neeessary. All drums assayed from
the last acceptable control count {o the unacceptable one were
‘re_counted.and the records adjusted. Disposition was made based
~on the recounted values. Control was re-—establishe.d and measure-
ments continued, |

12
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SUMMARY

The Rocky Flats Division of The Dow Chemical Company

assays plutenium in solid chen‘;ical proc'e'ss materials and
contaminated wastes by non-destructive, radiometric techniques.
Such working measurements were new fo RF a few years ago

and, therefore, the Chemistry Standards Laboratory was

‘obliged to design a system that both standardized the instru-
mentation and placed measurement controls around it. Both
calibration and working standards were designed and tested.

These simulated those plutonium-bearing, solid, process materials
and residues measured by the two typeé of counfing geometries
developed and currently in use at RFD. 'fhese standards have

two constant external configurations, but they are highly vari-
able in their internal configurations and their ranges of standard
values. Thus, the standards are able to evaluate (1) the cali-
bration curves, (2) the geometries and electronics, and (3) rou-
tine process measurements, under true Wor{{ing ciréumstances.
The measurement control programs, which developed from the
design, supply bias and variability information from (1) interplant
shipments, (2) in-process items, and (3) discards. The controls
are therefore useful management tools and proceed on a continuing

basis.

io
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Appendix NN

A Plutonium Waste Counter

NN-1



NN-2
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" line can be improved by optimizing the irradiation, decay, -
* and count times. However, the complex gamma ppactrum
requirea high rvesoclution spectrometers =nd analyais |
procedurea to accurately extract the gamma-line Inten-
altlen. ' . '

- An isotopic assay has been performed on some com~

.- posite mamples of uranium, thorium, and carbon. Using
the 12 most prominent gamma lines, the amounts of ot VN
and I¥Th were detérmined with an overall accuracy of .
batter than 8%. The 30 content was measured to be ’ L
within 2% of the Imown amounta. ) _ R

"1, N. C. RASMUSSEN, J. A, SOVKA, and 5, A. MAYMAN, °
AT ¢The Non-Deatructive Measuremant of Burnup by, .o
Qammue-Hay Spectroscopy,” Proc. Symp. Nuclear Ma= "
te‘rla)l.'s Management, pp. B829-48, IAEA (September -
1965). ' _ L

ung irradiation of a bt ] sample. 'End-point energy of the bremssirahlung

.. *Sponsurs, L. A. Mathegon. |

g | . .
- § T 3, 5. KALCOFF, "Fisslon-Product Yields from Neutron-
A N . Induced Fission,” Nucleonica, 18, 11, 201 (1060). DR
¢ : }51 i Co /f'f/j’ /5_5 "/ ‘ PR
;¥ T T
i i _ 4. A Plutonium Waste Counter,® J. L. Law- .~
E : iZ{ ~ less, R. N. Chanda (Dow) . e
t : -
J . [}: - An operational system deaigned for the measurament -
3 Ihf{: —] .. of large quantitles of plutonium contained lu gallon-zized
a . i . 4" packages 18 described. The pystem performs a passive '
[ ', » measurement employing both the’ 3B4-keV gumma-ray .’
i . complex of **Pu and spontanecus [iasion neutroms frem . : I
§ -'» WOpy  Algo jncluded 18 a provision for meaduring and =
3 ill = . correcting for the gamma-rey attenuation.in the sample.'- .
Rillh i R A block’ dlagram ‘of the system 18 shawp ia Flg. 1.7 -
ot . L £ . Several  unique construction [eatures are contained in the . Ryt
-J ! g design, including the aelection and arrangement of shield- - . :
I . . ing and the scanning mechanism. The samnpla rests upon . N
* g‘ 1] b - " turntabls which causea tha ample to doscribe 2 helleal | :h }
BB § ' R
184 T ] . .
g[ﬁ ] i oA TABLE I
-Yil : |'| i 8 P Evaloation of Helix Counter for :
' T : :n e Graphite and Ash Standards "
i : :
g o Bias Precisian.
= . % | standard nt 85% . at 95% 3 '
< te vValue | Bias | Precision | Confidence | Confidenca | ..~ .
£ (grams) | B |- @ . Lovel (%) | Level (%) : i
= .
:,'i Graphite™ .’ A B
~ IR R
O 10 6.9 1.1 a,5 2.3 DR R
g s 25 9.8 1.2 12.3 . 2.6 TR JEFL
o 50 5.1 1.0 7.1 2.1 UM I
a 100 2.9 0.8 4.5 1.7 - P U
= 200 -0.4 2.0 443 4.1 N |
k] 950 2.2 2.5 1.2 5. s
8 500 -3.1 5.8 14.2 12.1 s
) 3L
g . ) Ash 2
g - : : i
S 10 8.0 1.8 S
s 25 2.8 2.0
g= 5o | 20| L& \| . e
- 83 . 100 -0.1 148 o R
5 g C 1 200 -0.5 1.6 IR |
Pe 350 2.3 4.4 T
. 500 -4.3 4.0 RN
898.6 | -4.1 30 ] - N
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(4I)LHe3 NEUTRON TUBES

NEUTRON MODERATOR
' AND GAMMA-RAY SHIELDING

2%"Nal(T1)

9------- :

Pu0, SOURCE REMOVABLE 200g

path betwaen a 2- X 2-in. NaI(T1)detectar and a200-g PuOs

. gamma-ray attenuation measurement source. Two 100~

- gee Bcans are performed, one of which 18 made with the

corded on a single-chamnnel analyzer set to effectively
bracket the 384-keV complex. A slmultaneous gross neu-

Conventonal commercial electronica are nsed through-
out. The entire system including electronlcs, moderator,
and shielding rests upon a movable cart.

The precision and aceuracy of the counter has been
measured vaing certfied standards of graphite and ash

- matrices.® Bach standard was counted 5 timep and the

data subjected to statistical analysis, Over =z range of 0
to 700 g of contained plutonium, a precision was obtalned
of = 6% with a bias®of = 10%. At the 85% conHdence level,
this corresponds to a.bilas of <14% with a precision of

‘. <16%. This syastem has been In operation at Hoeky Flats
-* for the past year.

. 1. J. L, LAWLESS, Y. M, FERRIS, and J. D. McBRIDE,

«Evaluation of the Helix Counter Incinerator Ash

2. I. L. LAWLESS, Y. M. FERRIS, and J. D. McBRIDE,
«Evaluation of the Helix Counter Virgin Graphite
Study,”’ CRD-940232-104-D, Hocky Flats (April 1970).

5. Nondestructive Gamma Assay of Plu-
tonium-Contaminated Solid Waste in Drums;
Alexander J. Dukat, John Gonser, Dean B.
James (NUMEC) -

as operations control require that drums of plutonium-
contaminated wastes be agsayed for their plutonium con-
tent, Destructive amalytical techniques are not practical

" - becausa of the difficulty of abtaining representative sam-
_ ples. A nondestructive analysla should provide a simple

and rapid analysis oftotal plutonlum content of the drum,

}.. .with no bias resulting from physicel and geometrical cot- .

vil3 v

Hgurations within the drum. -

Fig. 1. Hellx eounter.
" detector and a Nuelear Data 2200 series multichannel -
external” plutonium source [or the sample attemuation !

measurement. The Nal(Tl) gamma-ray response is re- -

tron count is performed using four *He neutron detectors. '

Study,’” CRD-940232-104-C, Rocky Flats (April 1970). -

- three layera of seven, 1.5-gal cardboard packages each,

, uniformly distributed throughout, \a package in the center
Nuclear materials mansgement and safeguards as well

The measurements were made with a 55-cm” Ge(Li) -

analyzer as described previously.' The drum was rotated
at 4 rpm on a turniable while being counted by the
stationary detector. A previoualy determined enviren-
mental hackground was subtracted, and an approximately
85-keV portion of the *‘384-keV”’ complex wa3 integra-
ted. A horizontal Compton correction was based on the
activity in a 20-kaV portlon of the spectrum just higher in -’
energy than the integrated portion of the spectrum. A
correction was made for the self absorption of the solid
material within the drum by comparing the activity due to
2 planar plutonlum source shining through the unknown
druin to that activity produced by the sZme source shining
through 2’ dummy drum.’?

With an operationally reagonable scan Hme of 1000 sec
of live time and a detector-face-to-barrel-center dis-
tance of 54 in.,.the calibration coelflcient measured with
a drum contzining varying numbers of lknown plutonium -

packages with PVC-film matrices was determined tobe

1.1019 (g Bec)/count.

Using twice the standard. deviation of the background
a8 2 criterion for detectlon, 0.07 g of "Pu may be deter-
mined. Experimental ona-pigma precision for 1, 10, and
50 g of ¥Pu is 20.12, £0,33, and z0.87 g, regpectively,
28 determined by repetitive measurements.

The extant of the loss in accuracy with package loca- . °
ton In the drum was determined by fllling a drum with .

all of the same matrix material, and then alternately sub-
sHtuting one packaga with a plutonium -containing pack-
age. With reference to a drum containing plutordun:

of the drum showed zbout an 11% reduction in acHvity; -
packages on the bottom -layer adge showed a 3% reducHon ../
ir activity: whila packages on the top layer showed 2 G"S -~
increase in actlivity. i -

»

The necessgity of segregaﬂng }:naterials into drums
with almllar gamma absorption density was demonstrat- -
ed. Packages of real waste were adsayed by the paciage- .

assay System' and rapdomly plated in drumo without * <
, regard to plutonium content or e

/.
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